U.S. average retail electricity prices have been relatively stable over the past decade, in real $ terms
• Over the long-term, several large price swings 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 Cents/kWh (Real 2015$)
Regional price trends vary to some degree, reflecting the diverse set of price-drivers over the past 10-20 years 6 Growth in regional retail electricity prices (Real cents/kWh, change from 1990) • Restructuring: Some academic studies suggest lower prices as a result of restructuring, others find no effect (see Morey and Kirsch 2016 for a summary)
• Wind and solar PPAs increasingly competitive with burning gas in a CCGT Suggestive of potential retail rate reductions in some cases
• Black dashes represent the EIA's thencurrent delivered natural gas price projections over the coming 20 years, converted to $/MWh terms at a heat rate of 7.5 MMBtu/MWh and levelized at a real discount rate of 7%
• Compared on this narrow basis, and with the PTC and ITC, utility-scale wind and (increasingly) solar are competitive with the projected cost of merely burning fuel in a combined-cycle gas plant
• This simplistic comparison ignores many important differences between wind, solar, and gas-fired generation, including dispatchability, transmission requirements, integration issues, and capacity value; it also ignores CCGT CapEx and fixed and variable O&M, as well as consideration of any nonmonetized social costs Jan-08 Jan-09 Jan-10 Jan-11 Jan-12 Jan-13 Jan-14 Jan-15 In their own words: wind and solar (with the PTC & ITC) can sometimes deliver cost savings for utility ratepayers and corporate off-takers
Electric Utilities
• "These contracts [three wind power contracts totaling ~600 MW] were based on extraordinary pricing opportunities that will provide substantial savings for our customers." -Public Service Company of Oklahoma, 2014 • "Wind prices are extremely competitive right now, offering lower costs than other possible resources, like natural gas plants" -Northern States
Power, 2013 • "The expansion [1,050 MW of new wind capacity] is planned to be built at no net cost to the company's customers and will help stabilize electric rates over the long term by providing a rate reduction totaling $10 million per year by 2017, commencing with a $3.3 million reduction in 2015." -MidAmerican Energy, 2013 • "The delivered price of energy from the wind facility is expected to be below the Company's projected avoided costs…with the resulting energy savings flowing directly to the Company's customers." -Alabama Public Service Commission describing Alabama Power's wind power purchase, 2011 • "The contract will save ratepayers $100 million on a net-present-value basis over its 25-year term under a base-case natural gas price scenario."
-Colorado Public Utilities Commission describing Xcel Energy's wind power purchase, 2011 • "[Wind energy power purchase agreements] decrease our exposure to natural gas, provide a hedge against any future global warming legislation, and help us give our customers lower, more stable prices." -Empire District Electric Company, 2008 Corporate Offtakers
• "Investing in large-scale renewable power…helps Lockheed Martin hedge against the volatility of the electricity market and lower our energy costs…." -Lockheed Martin, 2016 • "Cost savings are the main driver, but price stability is a close second. " -General Motors, 2013 Retail Rate Impacts of State RPS Policies
•RPS policies in many states have increased retail rates, but with widely varying estimated magnitudes 
Center for American Progress 2012
For each RPS state, compared the rate of increase in electricity prices relative to non-RPS states in the periods before and after the RPS went into effect For 12 of 22 RPS states, electricity price growth (relative to non-RPS states) was lower after the RPS went into effect than before the RPS. For the other 10 RPS states, the opposite occurred.
DBL Investors 2015
Compared average retail electricity prices and growth rates between RPS and non-RPS states, and also between top-10 and bottom-10 states with respect to percent renewable generation Average electricity prices in RPS states increased by 3.02% per year, on average, over the 2001-2013 period, compared to 3.52% per year for non-RPS states. Average electricity prices in 2013 were lower in the 10 states with the highest percentages of renewable generation (9.8 cents/kWh) than in the 10 states with lowest renewable percentages (10.3 cents/kWh).
A variety of other, more-sophisticated methods have been used to estimate the effects of RPS policies on retail electricity rates
• Econometric analysis: Use statistical techniques (multi-variate regressions) to isolate the effect of RPS policies, controlling for other confounding factors
• Electric sector modeling: Use capacity expansion and/or production cost models to compare system costs under scenarios with and without RPS policies; typically used for prospective rather than historical analysis
• Bottom up estimates: Use data (often public and reported to state public utility commissions) to calculate the incremental or "above-market" costs associated with meeting RPS obligations; different approaches for restructured states, which rely chiefly on renewable energy certificates, versus regulated states, which rely chiefly on power purchase agreements Note: The two sets of values for CA reflect two alternate avoided cost estimates; the CPUC relies on their "market price referent", which is based on the long-run, all-in cost of a CCGT, while the utilities rely on wholesale electricity market prices. The striking difference between the two illustrates how sensitive results are to the underlying methods and assumptions used, and the value of standardization. Recent modeling estimates the net cost of incremental RPS growth through 2030 at less than ±1% of total U.S. electric system costs
Each of these methods has its strengths and weaknesses
• Study used NREL's ReEDS capacity expansion model to estimate total electric system costs (capacity, fuel, and O&M for generation, storage, integration, transmission) under multiple scenarios and sensitivity cases
• Existing RPS scenario is found to have an impact of less than ±1% (±$31 billion) on system costs across gas-price and RE technology cost sensitivities -This is the net cost associated with reaching 26% renewable electricity generation by 2030, per existing state policies, compared to 21% in a "No RPS" scenario
• High RE scenario (total U.S. renewable electricity reaches 35% of total by 2030) results in larger incremental costs ranging from 0.6% ($23 billion) to 4.5% ($194 billion) across the sensitivities note this is a purely hypothetical case, and is not linked to existing RPS policies; as such, it is not particularly relevant in the context of this presentation Modeled rate impacts associated with RPS growth through 2030 range from a -2% to 1% nationally; larger increases in some regions
Existing RPS Scenario (left-hand bars)
• Across the set of modeled sensitivities, U.S. average rate impacts in 2030 range from a 0.14 cent/kWh (2%) decrease to a 0.07 cent/kWh (1%) increase • The two regions with the most aggressive RPS policies could see substantially higher rate impacts under some sensitivity cases: up to a 0.7 cent/kWh (11%) increase for the 
Summary
Retail electricity rates have, on a national basis, been flat for roughly a decade
States endowed with high-quality wind and/or solar resources have, in some cases, likely witnessed rate decreases State RPS policies have generally increased rates, but the estimated magnitude of historical and forecasted rate impacts span a wide range
State and utility financial incentives directly increase retail rates through retail rate surcharges; these surcharges tend to be relatively modest in size Net metering for rooftop solar can increase retail rates, though magnitude and even direction of impact depends critically on VoS and rate design; impacts become more-significant at high levels of penetration of DG PV Analysis has not considered RE incentives delivered through tax code or general government revenue sources, as the cost of these programs is not reflected in retail rates: in fact, these programs reduce retail electricity rates by making RE purchases less expensive Analysis has not considered the claimed benefits of RE: human health, water usage, energy price risk, GHGs; nor has the analysis considered the claimed environmental impacts of RE on wildlife or local communities, or claimed positive or negative impacts on employment and economic development
The analyses and literature presented earlier do not always consider fully the relative balance between the full cost of delivering renewable energy and the value of that energy in terms of its ability to offset the cost of other generation sources
